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■& ^1^1-^ el^wHH^( reC ombinase A, recA)7> -^^(Plast id)<Hl *i ^ 

€- *]-§-*H» °1 °i homologous recombination Ju§s4 Afl^^fl ^^^^r iL -§:-§: ^ 
^1 ^ O-S.^ e]^wlvilo}^ -fr^H sq^) s*H<i(piastid 

targeting sequence)^- ^^>^ «)-8: H^^H ^1^- 

<5>ZL ol Ail-^o] Ajj^^^ target gene)!- ^« 5!<^r5S-§- ^ 

homologous recombinations^} ^7>*><^ 7]^^ s] ^ vfl o] y}*}*} ai 

#*fl« ^l-g-M ^ilt} ^^«^7> 1/2-1/35- ^5)^, 2*1H^ fg£#$. ^o] 
*r *fl3-£ dJ^MI ^^^«r^S-^l* afl^Kr y o V ^°l| #1* 

£ 3 
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e^whiH^l- o)-§-*j- ^±.^1] ^ {Method for Recombinat ing Plastid 

Using Procaryotic Recombinase Gene} 

£ 2 ^^^^s}- ^-§-3} -^(northern blot) ^ . 

A. 
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<7> Afl^^^ o. ^^Kchloroplast), ^Vtt #-g-*fl(amyloplast) , ^± 

lr ^WKluekoplast), * ^ #<^Kr 4r^*ll(chromoplast) 

3. ^Sl^C-fl, ^#^5. 20071] 77} ^4i^7> ^7flS>Jl 7fl^ AH^^l^ 100<^7fl 

^ 7fl^--g- 7>x]j7 10,000-50,000 copy^ -fr*l*>7} $7^4. al^l ^#^1 J± 

1~2 copy^l Tfl^ 7^1 sat].. 

H]jiI*H ^ ^ lO.OOOwfl Jl-§:3 o_S 91^ 

<9> S|e o]^ ^ fcS)SH Afl^j ^ofl $)-5}a) $)^°.£x}M. Al^ofl £01^-0^ 

AflS^ ^-§-ofl J?-o^}-fe aj-i^o] 7 fl^ ti> 5Ut}(Svab et al . , 1990; Staub et al., 

2000). q±.s$ ^^^sl 3.7fl ® q±.*H ^^^^7(1^ (2) ^^^l 

<io> ^#1:^, x^Sfl ^ homologous recombination^ 7 r ^tNl 7l€^ ^^^] <g 7 ] 

*l<l-§: homologous recombinat ion# tr border^. A>^-8>J1 o}7H £| efl-fr*!*}-!- ^ 
particle bombardment ° 0 Vl ^^-S S^Vfe 

<n> ol<>|Ai ^^oj) o]* Afli iflsl 2.^- Afl^^ 7 ]. homoplasmy«>7ll s)JE. 
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<12> X^^l ^^^H] tfl^Sl <£^7> ^-HBoflAI 0}=-^^ -j_ jqofl ofl7|^cfl, #7>, £ 

A>3fl 7 > flch HS)l4 ^"tifl oj<qo} Al # ^oflA^ Jl^o] nfl-* \£ 

*g^3L8:€ ^I^Hr ^-SH ^o] Jl^-£)7l nflJg-ol 

^iLS. cfn>, ^-afl^ ^ o. n_ jp^o] ^3 <£3^ &7l nfl£- 

ofl w]ji7^ ^ Jl^-o^ Tg-^o] 7}^ 

<13> o]E^*j- ^-^-g: ^-4*>7l ^lH^ ^dt*fl MHH homologous recombination fe<>l^ 

<14> Homologous recombination^^ ^1 ^ «1 ^il °1 ^ ^H*}^ 9X^ . 

homologous recombination Jl#°1 lOaflol^l- ^j-^^-o] JsLJIS} ^tf (Stohl and Seifert, 2001; 
Bakhlanova et al . , 2001; Reiss et al . , 1996; 1997; Shcherbakova et al . , 2000; Vispe et 
al., 1998). 

<i5> ir)-e}-A-] ^#*fl<>) fg^Q ^^ 7 }s^ ^#^1 #7}^ ^tt ^ 

<16> olofl ^^Al-l;^ 4fl4i^l ^^^^oflAi homoplasmy# #7l#£] ^v^^ ^o. ^ 

^^jL^o] ^-^-g- ^-45>JL ^^>JL JL^^ «o^^r 7fl^>7l ^ *H tr 
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^tb 4-§- ^*HH^ -n-^^ ^^£^1 -id^O-S.*! homologous 

recombinationJL#4 ^ll^ Jl-§:°1 xn^l ^^^-i- ^*>>fl € ^°14. 



<i?> M. ^-xg^. An^^oiiA-] E)^a]vilol^ ^*Hr o]-g-«5>a| ^ ^ 

1-S homologous recombination-^ -^d^l U^SM 7>^-3r]-7fl ^flS-gr ^#^1 

«o v ^* *ll^Rr 3* ^0.3. 

<18> S-aj-g. ^^>7l W £r ^£r, (A) ^^^Hl^i %^ *4 3 «1 *41 

o]^^ -fr^*} ^ ZL^^-S} ^di*IH tfl^ ^(targeting sequencing) -8: i^r^ 

^# ^ ^^«r-§- *]*H*Hr e)^«l^o]^^^E^ (B) ^-71 B^aMH 

^M^l- °l-§-*H ^ 1-^11- ^SRr l*r^#«:^# Sjs^Tl)^, (C) ^ 

- oj^ I7fl o]^-o^ S.^ -^-^7} A-]<i ^ n}^ A^^g- S. 

^#«r-§- ^l^Hr AB^-g^ ^^711 ^ (D) ^71 Afl^^-g. 

S^*Hr ^#^1^ ^;d€-*Rr W o Vl ?Hl ^°14. 
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<20> a, (A) ^ $^ I7fl jz.*} o.^^]. ^ 

D >^^1 Ifs^ ^^g^-g- ^ElS *)}*HrRr ^^^^-g- 

^^-^^11- ^*l«:*Rr u o Vl ?Hl ^ SH^h 

<22> ^ ^6|H e)^Wltilo]^^ -a-A^o} Afl^^ ^ 33 °1 

E(-£ A}-g-7H^tNl, ^1^^.^.^ Deinococcus radiodurans recA, ^^•^•^1 recA ^ 
homologue ^ -M-g-lf- <r 

°i "El i^A^ol^c A)~g-o) 7>^§l-4. afl-M-iS , ^l^s ^la^S 

(Rubisco small subunit), ^l^H^CAGPase), till °!HtiKCab) ^ 5.3 'HI -i- 

<>l-g-% v ^ 
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Z.°\] 5L<$is}JLx} is}^ ^Hfl t^sfe -fr^Rr 7>^*>4. ^11-1-^, tilBqs-A! 

(Bt) ^12:^1 (bar, glyphosate) *11HeI -rr#*r, (somatotropin) ^4 

^-g-^ ® ^^B)ici3>olA]( S pectinomycine)om- i^£*r°]^] 

(streptomycineH ^tg-^o] 91^ 16S e|Ji# -fr*!*} © ^\o) a] , 

iH^£c>olxi o) a1 (kanamyc i ne ) f-aj- ^-8r 7^%V^ iE^ ® 

tW D Hl°l^(cytosine deaminase), afltfl^l ^cfl^>o]^ Jl^(BADH) ^4 ^ ii -fr 
^i^> SB^ © GFP(green fluorescence protein) ^-^^V* ^ ^f-§-*>^M" 
^ oicf. 2^^^^ ^*\SL£. ^91^ ^ 9X5m ©4 ^1 Af-g- 

S>*r ^Jol ^^r^K ojnfl cf^- Ajwv o}^ -f^}s>}- GFP -fr#*}~|- ^.^11^.0.5. ^ 

a^*} O.S.3E. homologous recombination^ ^^r^f^^ 7>^s>£^- t}^ 

<26> ^-j7 S> Ai.g-;*fl GFP7> ^Tfl^a long wave UV ^^^7]- 4=-4|<q ^^--g- a)7fl 



£4. 



<27> Ol^}- ^A^H o^H ^ 0 M1^1 ^^*r^. 
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^^}# 4= o.^^^- o)&*}7]^, 4^- 

^*>^^-M- °] 5£*V ^ Xi-g-^ ^« A ^W1^^ ^ 

SLX\0_5L o]u] 6]^ ^ ^<3# ^M^f. 

<29> 7]Ef ^ 7)^3 A>^-o) o}-6]}*] *> 7 ] ^*H^ ^ ^ o] 2^ 

^ ^l^tl^Tfl $a<H^ ^14. 

&<H>H #°l«r ^^-o]] o]o] 7 |bK|. 



<31> l : e) ^ a] Li] ol ^ 7}^ *Jj^^^i§-g- ««Ei ^1^1- 

<32> aA^o^ el^Hlvilol^ OT^Rr ^^*V7l fl*H, Aj o]^5^ 

<33> pcRwj-^ o.S. ^7]^t$(Arab/dops/s) &j ^ «1 vfl o]^o} iL^H^ Deinococcus radioduransQ 
e)^tilvilol^(recA) -fr^^Vl- ^ ^^1*>J1 35S nos E^HHE|A}oloil 

BamHI/SacI^Si ^-3H1 ^ ^^^-§- ^ pDrecAATl- ^5}^. 
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<34> ^.cj- ^1*] ii^}-^, Deinococcus radiodurans ^(ATCCl3939)S-^Ei DNA# ^ ^ PCR^ 
^(^i^l^ 2# ^7}*]-^ PWO polymer ase(BM co.)» denature : 94 °C annealing 



-fr^r* #3.\§*Kn. 35S ^S.2-Ei<4 nos Ei*HH^ a\o]o\) BamHI/SacI *HtrJLi 
^-^^t. ^^S. Arabidopsis genomic DNAS-^^i PCR^ <134 4-1- ^7 r S r o} PWO 

polymeraseCBM co.)S ^}-^*V c ^ denature : 94*C l^ir, annealing *• 55°C llr, polymerazat ion 
: 72°C 102:, 30 cycle «V-§-).^. 0.2kb^ S*H<g-g- ms.^}^. 3L*H 

1^§- 3l#^r 35S ^S.2.Bl^ ^^tilvilols a>o)o] BamHI ^^Jl^t-^H Deinococcus 
radiodurans^ El^aHH^ *A±.n]S. o]^^_es.*V ai-. ^^^^^-g- 3)E)€- ^ 

*r£i}(5. 1). 

<35> Aj A |ofl 2 : ^i^H o]^^- e]^tilvilo]^ 7 }t]^ a^- 

<36>^A]oil icfl Ai-g. taj^^-g- ^Eis. ^-§-31«- l^V^^^i€-^^cf. *§^«: # 

^7-M*l #^4, 7fl^ ^ °1 *r ?Htf. 

<37> aja^] o^fl ai^. «l]^^^|^-§- ia]E^l- freeze thaw a o>^ o r ^.S^lE| 0 r 

(GV3101 strain)^ S^r^ 50 mg/L ^KM 0 !^!, 50 mg/L e^^-^^l 0 ! ^7 r S YEP «fl*HH 2 
^^r «fl<#?]: 3- 'tHI^ ^H^t^Hl ^}-§-*fSi4. 7]iJHH afl^*]; #tifl (Nicotiana tabacum cv . 
Samsung °2 ^^l* MSCMurashige and skoog, 1962) 7]£- ^^ufl^l 10 rnL^l , 2^# 7l 

-Sr o>ziS.«i- E ^o> 200 ^Jl 2 ^ ^ afl^V^^. ^ ff^rS «>>ziS^-^s| <4» 

4^^V 100 mg/L TrM^H^l, 300 mg/L 5L2j-S^, 2 mg/L BAP, 0.1 mg/L NAA°] ^7 r =l MS 



: 55 °C l£-, 



polymerazat ion : 72°C 60^, 30 cycle -2.3. 1.1 kb^ recA(^ ^ «1 M] o]^) 
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«fl*HH 25°C, 2,000 lux^ % ^SLS. afl<£*H *fl-g-s|-«» ^i^rSl 1 }. ^ 3-4^ ^ 
^afl^HH ^Hltr shooter 300 mg/L 35}!^, 100 mg/L 9}^\o] o] ^ 7 V^ MS 7l£-wfl*l 

<38> ^^^HH Deinococcus radiodurans^ B^wHH^ ^ t^£r ^ll^^Mll 

^ SMH %- RNA# -g-B^H ^l-^-Cnorthern blot)# #* r <^ S^^Sl^CE. 2). £ 2*IM 
Con^r ^ ^#^11-, 1, 2^ ^^^i^^ i£)^wMH^# ^*Kr 

M-bHM, A: 1"^, loading^ total RNA# 

<39> 1*> ^l-^ll* ol-g-^- ^51 SlJl ^tfl-g. o].g-^ $inf. 



<40> ^AHl 3 : GFP» 7>x)^ Afl^^l ^^-g- ^jE^ 

<4i> ^^^^#^1* UV«HH X\^o_s_ °^^-» *r SU^ ^^-g- ^ 

E^# ^^ls>7l ifl*H pgr &^<H1 Bjli# ^ ^(ribosome binding site)!- 7} 

*l-£^r GFP -S-^K^d 1 ! -$r$.x\m #3^*H ^^-g- CtV2S] 

aadA 3^ Xbal ^ltrSi -?-$H £<gsH Afl^^l ^^-g- CtVG* ^t}^. 

< 42 > j^tf GFPS] i£*g<y mGFP4 -^-^7>7> ^*flMHAi «v^^ cs.^ 7 ] c^j.^ 7 fl A ]^ 

^(start codon) b)H# ^ (AGGAGGTATAACA)-i- 7}*lJE-s. primer!- afl*)-*H PCR 

^^(^^521- 6« ^7>§V^ pwo polymerase(BM co.)» ^>-§-*>°i denature : 94°C 
annealing ; 55°C 1§, polymer azat ion : 72°C 40s, 30 cycle GFP -R-^7.>» 

^ 7]&&\ Afl^,^ ^^-g- iS|ElSi CtV2^<q ^^]E|^P>olA] ^-#740] aadA o.^7> 
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Xbal ^ItbJLi GFP-Pr^i*}?} ik^s\S.^ tr 

-8- ^3 CtVG« ^^t^(s. 3). 

<43>^a]<^1 4 : particle bombardment 0 !] ^Itr ^^^i^ 



e)^>^ l mg/L BAP, 0.1 mg/L NAA°1 ^7 r £ MS«fl*HH I^^^H 4~§-^r°2 

<46> 0.6 /an ^^Kgold particle)^! CtVG coating*]: ^ BioRad 

* r £] PDH-1000/He gene delivery system^ 71-1- o")-g-^r}ji i^ioO psi 0 ^ Acceleration Power, 9 
cm^ Target distance, 28 in/Hg^ Vacuum^?] ^4i*fl $»■-§- ^^^514. 

25 °C, 2,000 lux 6 -] <& S^iAS. 2°J# afl^Jl #«fl 2-5 mma7l^ ^^o_S M-t^H 1 

mg/L BAP, 0.1 mg/L NAA, 500mg/L ^Bli^H^ o] %7}& MSwfl^Hl^ afl^H ^ 

<47> ^Aj^l 5 : ig-ttfl^ x^*fl JL^: 24 

^ CtVG7> JE°J^ 2*1 ^Sl^S"*^ Jl-§:# ^^^^ 
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<49> q±^] ^^o] ojJfLo^*] Qg. UV 2:A>AH1 ^-Hf-^ 7>*fl ^#<?1 Afl^. 

^o]^- a>^ ? ^4i^l7> Q ^-f GFP7> ^5q5.S GFP3] ^ ^£ofl nJ-Bj- ^$HH 

3*1 ^ ^-f )^ wija^H «8^£«: JL^-i- sa>^H 3^wHH^» <>}■%■ 

long wave UV «HM ^^1 ^tt ^s)- shoot* 7>^1 ^^1- £4jW 

°l A o v ^ £:-§:-§- ^.o]^ ^-§- ^°j5}ScKl 1). 

<5i> is. 1] 











5/11 (45.4%) 


8/9 (88.9%) 



bornboardment^r J 



<52> 4^?i shoot ^^l* £r3*H ^MHa4 QFP» 

$^11*1 3 ^\i>\o\ homologous recombination Jl^t* SA>*>£t}. o] ^-f 
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GFP ^°<M: M-B}-«cf(^ 4). £ 4<>1H ^^-^7> 5]*1 

<53> ^. i^-^oll ^ 12] ^A] 2~35] o]Aj- ^^"4^^- 7^ cfl^S] 

GFPS] ^<#o] al^>cf. ^, d]^^- ^^w]ti]o]^i. 7 >x]^ ^1-^11- 2*}^ ^^a] 7]^ 

*&^-8r ^efl^] ^(cflS^H ti]*}^ homologous 

recombinations-!:^ ^7}& li^r ^<£lt ^ 

<54> ^7}o]}*) #3)^. ti>fi^ ^-o] ( ttV^o^ AH^j 7 |. n]X§#^ E]^H}^)o)^ 7}*)^ 

^ ^ll^l^ ^#^111- *r-§-*r°J ^^^i^: JL-g: ^ homologouse recombination Jl^t# 

y o Vl ?Hl ^*>^, 7]^^ homoplasmyl- ^l^l ^_£_tr ^t^r^^: 

a]^ ^ 9X3., ^fl ^^^1 JL^l ^THM- ^^^^o] s]*l 

^#°1] ^^^i«7l## ^ 5^. o]Eitr "J^S £ 

q-^*r <>l-§-*H -fV-g-^ ^sfl -^-g-s>7]l oj-g-^ 

<55> a. ^-tgo^] s]*].^, ^E]H a]*}} homologous recombinationJl-§:°l M ^7}£}<*| ^dt^ 5 ! 
^* 1/2-1/3 °]i5}3. #^]z] ^ SiJl, 2«fl o]a o vo} ^f-S ^^^1 
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[^T 1 * 1] 

(targeting sequencing)* i^Rr «I ^^-g- *jBl» ^fl^Rr 2j 3 «1 ifl 6 1 ^£$1 *l 



2] 

1 %H1 5a°W, 



3] 
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i^!r^ 0 l^(spectinomycine) 0 lM- ^B^S^H ^(streptomycineH *HM3<>1 9X^ 16S e) 
^rf]E]ic.P]-o]Aiol ( ^H^S^^^l S^r 7rM-t>H^l(kanamycine) -f-^r ^ *<H3*lH 

tqo>n]v)lol2:(cytosine deaminase), wpfl*] "iK-fisH^ Jl^baDH) ^4 ^ Jl^ ^/ 
GFP(green fluorescence protein)^ -^^5. s}^ ^#*fl<^ ^^l^rfe ^ 



4] 

(A) ^*1HH ^€ *r 5U^r Sl^tt I7fl S.^ -fr^*} >q<£ g ^wV v}?]9\ o.^^ 



13 t 1 * 5] 

^ 4 *<hi sa°H, 
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i^ic^l^Cspectinomycine) 0 !^- iS^J^H^KstreptomycineHl 9X^ 16S 5] 

^^jB)^D>o]A]ol ( ^H^-g.^>o]Ai ^rM^H^Kkanamycine) ^4 ^ %1^*IH 

Aj^A] i^o}DluiH^( cytos i ne deaminase), wfl3l<?l ^tfl^MS- Jl^(BADH) ^4 ^ jLi ^/ 
GFP(green fluorescence protein)^ -^-^3 AS *Hr ^#^1^1 ^^l^Rr ^ 



6] 

^"71 S^tiMH^ -fj-^Kr -frefl^ 3^- <5>^r q±z\}^ 
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<110> Korea Research Institute of Bioscience and Biotechnology <120> Method for Recombinat ing Plasti 
Using Procaryotic Recombinase Gene <130> P0 102-001 <160> 6 <170> Kopatentln 1.71 <210> 

1 <211> 26 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 1 aatggatcca 
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tgagcaagga cgccgc 26 <210> 2 <211> 26 <212> DNA <213 

Artificial Sequence <220> <223> primer <400> 2 aaatctagag gggcacgcag caagag 

26 <210> 3 <211> 26 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 3 

acaggatcca tggattcaca gctagt 26 <210> 4 <211> 26 <212> 

DNA <213> Artificial Sequence <220> <223> primer <400> 4 acaggatccg gcgtagacgg taaccg 

26 <210> 5 <211> 35 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 5 

ttctctagaa ggaggtataa caatgagtaa aggag 35 <210> 6 <211> 33 <212> 

DNA <213> Artificial Sequence <220> <223> primer <400> 6 gccctctaga tatcttattt gtatagttca tec 
33 



23-23 



